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DURABLE HYDROPHILIC SuRFACS COATINGS 

Background of the Invention 
Several methods are available to improve the 
s wettability of polymers, many of which are hydrophobic. 
These methods include corona discharge, gas plasma 
exposure, flame treatment,, and acid etching. All of 
these result in some level of surface oxidation. 
However, the wettability introduced by these processes 
10 degenerates after treatment, particularly when exposed to 
aqueous washing, elevated temperatures, or even simply 
storage in air. 

Summary of the Invention 
This invention relates to a hydrophilic article 

15 for use in aqueous environments. The article includes a 
substrate, an ionic polymeric layer on the substrate, and 
a disordered polyelectrolyte coating which is ionicaily 
bonded to the ionic polymeric layer. The article, for 
example a contact lens, has a durable hydrophilic 

2C coating. Examples of aqueous environments are animal or 
plant fluids, water-based inks, treated or untreated 
water, and the media used in cell cultures and 
bioreactors. 

The substrate may be selected from a ranqla of 

25 geometries and materials. The substrate may have any 
texture, such as porous, nonporous, smooth, rough, even 
or uneven. The substrate supports an ionic polymeric 
layer. 

The ionic polymeric layer on the substrate has 
3C ionic or ionizable groups on a polymer surface. These 
groups may or may not be in the bulk of the polymeric 
layer. Examples of ionic or ionizable groups are -COO" , 
sulfate, and primary, secondary, or tertiary amines. The 
polymeric layer is a polymer or copolymer of thermoset, 
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thermoplastic, oicdegradab le , and/or hycrcphiiic 
polymers. In the absence of ionic or ionized groups, the 
polymeric layer may be hydrophilic or hydrophobic. 

The ionic polymeric layer is ionically bonded to a 
disordered, polyelectrolyte coating. There are neither 
linkages formed by use of a coupling agent nor covalent 
linkages between the polyelectrolyte coating and the 
ionic polymeric layer. Of course, Van der Waals forces 
and hydrogen bonds may or may not be present. 

The polyelectrolyte coating includes one or more 
polyelectrolytes, which are generally high molecular 
weight polymers with multiple ionic or ionizable 
functional groups. At least one polyelectrolyte in the 
polyelectrolyte coating has a charge opposite to the 
overall charge of the ionic polymeric layer. The 
polyelectrolyte coating may also contain other elements, 
such as neutrally charged or bioactive molecules. 
Preferably, the coating forms a non-neutral complex, 
since the biocompatible, wettable, and wicking properties 
:o of the article are related, in part, to the presence of 

charged groups. 

A disordered polyelectrolyte coating refers to (i) 
two or more polyelectrolytes that are intermixed, where 
the polyelectrolytes may be of the same or different 

25 charge; (ii) one or more polyelectrolytes that infiltrate 
the ionic polymeric layer where (a) at least one 
polyelectrolyte is of the same charge sign as the ionic 
groups associated with the ionic polymeric layer, and (b) 
there is some degree of chain entanglement; (iii) a 

30 polyelectrolyte intermixed with a non-polyelectrolyte 
additive, such as bioactive compounds such as heparin; 
and (iv) combinations of the above, including 
combinations with polyelectrolytes or non- 
polyelectrolytes that are not intermixed or that do not 

35 -infiltrate the ionic polymeric layer, provided that the. 
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coating includes at least one infiltrating or intermixed 
?c iyeiectrciyte . 

Without intending to be bound, a polymer with 
snort hydrophilic functional groups may seek a 
5 thermodynamic equilibrium, through the free rotation of 
the polymer backbone. Hydrophilic groups create a high- 
energy state and thus are gradually buried into the bulk 
cf the material by rotational or diffusional migration. 
It is believed that multiple ionic anchors immobilize the 

ic polyelectrolyte backbone, which hinders molecular 

rotation and the subsequent loss of hydrophilicity . This 
phenomenon is a chain entanglement between the 
polyelectrolyte and the ionic polymeric layer. The 
disordered polyelectrolyate coating is ionicaily 

is anchored, rather than physically adsorbed, onto the ionic 
polymeric layer, which may make the coating less 
susceptible to mechanical abrasion or hydrolytic 
decomposition. 

One aspect of the present invention includes 

20 durable hydrophilic articles having a porous substrate. 
An example of such an article, is the porous retaining 
matrix used in the immunoassay of an HCG pregnancy test 
kit. Other examples include a pH test strip, a 
bioreactor microcarrier , an implantable drug release 

25 device, and a filter. The polymeric layer is preferably 
polystyrene, polyester, polyethylene, polypropylene, 
polymethylmethacrylate, polyglycolic acid or polylactic 
acid, and the polyelectrolyte coating is preferably 
polyethyleneimine. 

30 a drop of water placed on the disordered 

polyelectrolyte coating of a porous article is rapidly 
absorbed in less than 1 second after the article is 
exposed for 3 months to dry storage at 25 °C or aqueous 
storage at 50 °C. Comparable stability is observed after 

35 6 months or longer. In addition, a drop of water placed 
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on a disordered polyelectrolyte coating of a porous 
a -; c --e absoroed in less than 2 seconds, and 
~e*e-ablv less than 1 second, after 30 ultrasonic wash 



cvcles . 



'nydrophilicity also remains high after 60 and 90 

ultrasonic wash cycles. 

Another aspect of the invention includes durable 
hydrcchilic articles wherein the substrate is 
.articulate. Examples of such articles include powders, 
b eads, microcarriers. or tablets. The polymeric layer is 
, oreferably polystyrene, polyester, polyethylene 

polypropvlene, polymethylmethacrylate, polyglycolic acid 
<L ooiylactic acid, and the polyelectrolyte coating is 
Preferably polyethyleneimine. The substrate may or may 
not be porous. A powder having a disordered 
5 polyelectrolyte coating- is wettable, and a drop of water 
added to an amount of such a powder will be absorbed, 
rather than form a bead. 

A th-d aspect of the invention includes 
biomedical or biocompatible articles, where the initial 
,c advancing water contact angle of the disordered 
oolyelectrolyte coating is less than 56>. 
usnc articles are intraocular lenses or other ophthalmic, 
orosthetic, or implantable articles or devices 
Preferred materials for the polymeric layer include 
polvethvlene, polypropylene, polyglycolic acid, 
" polylac'tic acid, polyester, a polymer or copolymer of 
silicone, and a polymer or copolymer of poly-2- 
hvdroxyethylmethacrylate, such as a copolymer of a 

_j ^w-2-hvdroxylethyl-methacrylate. 
silicone polymer and poly ^ nyut^r 
30 The polyelectrolyte coating is preferably 
polyethyleneimine. 

in general, the initial advancing water contac. 
angle of the disordered polyelectrolyte coating is 
smaller than the advancing water contact angle of the 
.substrate before the coating is applied. The reduction 
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is at -east: 20 3 , and may be greater than or equal to 2C° 
50°, or ever. 70>. Thus, after the coating has been 
applied, the initial advancing water contact angle is, 
for example, less than 56° or less than 45° or 35°. 
5 Before the coating is applied, a biomedical 

substrate preferably has an advancing water contact 
angle, for example, greater than 95 3 , 100°, or 110°. 
Such high water contact angles represent relatively low 
hydrophilicity or high hydrophobicity . After five and 
13 even fifteen ultrasonic washes, the disordered 

polyeiectrolyte coating of the dried biomedical article 
has an advancing water contact angle less than 70°, and 
may be less than 60° or less than 45°. Even after 
exposure at 121-125°C for 15 or 30 minutes in an 
is autoclave and cooling to room temperature, the advancing 
water contact angle of the coating is less than 60°. The 
coating is also resistant to extraction with organic 
solvents or detergents, as represented by an advancing 
water contact angle of less than 60° after extraction 
c with methanol for 2 hours or even 18 hours. Other 
methods to measure hydrophilicity may be used to show 
resistance to environmental conditions or normal use. 

The hydrophilicity or wettability of articles of 
the invention is resistant to one or more of the 
5 following: changes in pH, elevated temperatures, 

exposure to detergents or organic solvents, mechanical 
stress, abrasion, and repeated ultrasonic washings. 
Examples of articles of the invention which are suitable 
for long-term or multiple use applications include: hard 
: and soft contact lenses, printing components, electrodes, 
bone replacement components, and In vitro retaining 
matrices for diagnostic test kits. 

Other features and advantages of the present 
invention will be apparent from the following description 
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• • -i _=r,i-= ,nd also from the appending 
o' the preferred emcodiments , anc j-w _j.^u r~. 

claims. 

n» C r—j prior ^ rh« Pr ° f T^ d Embodiments 
-his invention relates articles having a 
.-ordered polyelectrolyte coating icnically bonded to an 
^ n , c polyene layer on a substrate. The polymeric 
'ave- can be on all areas of the substrate, or on 
^ected areas. For example, a polymeric layer can oe 
( J a circular area having a smaller radius than the 
circular substrate it is on, (ii) a pair of parallel 
polyene strips across a circular substrate, or (xxi) 
any pattern of polyene material on a substrate.. For 
.est embodiments, however, i* is preferable that the 
polyene layer is on most or all of the areas of the 

SUbStra "omc groups can'be on all areas of the polyene 
1aye . or on selected areas. For example, ionic groups 
can be (i) formed in a concentric increasing or 
dec-easing gradient of surface charge density across a 
circular polymeric layer area, (ii) formed in a generally 
uniform surface charge density across one-half the area 
o* the colymeric layer, or (iii) have different surface 
charge densities between the polymeric layer within a 
pore or channel and the polymeric layer on the outer 
surface of the article. In most embodiments, it is 
preferable for the ionic groups to be on all or most of 
the polymeric layer. Similarly, the disordered 
.olyeiecrrolyte coating can be ionically bonded „o all 
areas of the ionic polymeric layer, or to selected areas. 
, xt is preferable for the disordered P°^~«££ Qf 
coating to be ionically bonded to most or all areas 
the ionic polymeric layer. 

One aspect of the invention is an article made of 
a substrate that is a frame or grid, such as a polymeric 
, 5 or -tal ring, with an empty center area. A polymeric 



30 
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es across the ncle and contacts -he 

sunstrate along the perimeter or circumference of the ~ 
ring substrate. The polymeric layer has two faces, one 
on each side of the ring. One or both faces of the 
5 polymeric membrane may have ionic groups, a disordered 
pciyelectrolyte coating is lonically < bonded to at leas- 
one face of the ionic polymeric membrane, forcing at 
least one hydrophiiic surface. Thus, this article may 
have a polyelectrolyyte coating on one or both sides of 
:c the ionic polymeric layer. 

An article may have more than one such frame or 
grid, ror example, an article may be a cube, wherein the 
twelve edges of the cube are the substrate. The six 
square sides of the cube are the ionic polymeric iay-r 
*" ^ herein . each «* the six, square ionic polymeric membranes 
•as an inner face and an outer face. The disordered 
poiyelectro-lyte coating can be ionicallv bound (M to 
the outer (or inner) f aces of six sides/ (ii, to l he 
outer faces of five sides and to the inner face of the 
20 sixth side, or aii) in any . Q direct ^ 

or diffusion of an aqueous solution through the cube 
Another article of the invention has an ionic 
polymeric hydrogei layer ionicallly bonded to a 
aisordered pciyelectrolyte coating containing only one 

25 Polyelectrolyte, such as polyethyleneimine . A hydrogei 
polymer may be a copolymer of silicone polymers and poly- 
2-hydroxyethylmeth-acrylate. An example of such an 
article is an oxygen-permeable contact lens with a high 
D/K value. Another article of the invention has an ionic 

30 polymeric layer ionically bonded to a disordered 

polyelectrolyte coating containing two polyelectrolytes 
of opposite charges. 

A substrate may be made of any material, provided 
that a polymeric surface may be bonded to at least some 
35 area of the substrate. The substrate may be made of 
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a nolVTtier, which may 
a 1 ass, composite cr a poJ-y 
aewl. ceram.c, g-ass, f polya eric layer 

• -w- « a me or different poiymer as -ne p * 

nor be porQUS . An 

^ cussed ; eio ; rt ;i; . ^ . 

example of an artxce _„ ial is a fabric made of 

5 polymeric layer of the same mare. -a. 

polypropylene. . surfa ce with one or 

X porous ^trate « Uj 

.ore pores. ™ ^ « 2 unlvel or undulating 
0.01 microns and , mm ( -> non _ woven , compressed, 

i0 nonflat surface, sucn as combination of 

perforated, or etched materia or ^ 

ti) and «u). * ^;;;; y pe a n ; s ; ra b t ; £rom 0 „ e su^c* of ^ 

than 1 mm, and need not penet.a 

substrate completely through the other * de A 

wi-^ article of the invention having 

15 "dor oe I " iameter around ,0 microns or larger, 
with pores ot a Mv> no 

sue, as 200 to 500 microns wi complete ly we, 

. measurable water contact angle. < ^ ^ 

«- Une " r ^aX " heading, water drops 

:= the coating surface. Rather nydro philic 

ere rapidly « ^ ^ lcl « include 

„„. OT .;,i Examples of a P« JUJ 
surface material. mahr ; ces porous 

fahr ; cs retaining matrices, p<-"- 
nonwoven and woven fabrics, 

cranes, sheets, or films. matrices or 

Porous articles can be retaining 

»^ matrices used in sample 
chromatographic matrices u i i2at ion , and 

r „g.nt denvery. *n «"<' 1 retain sol ids or 

in sample preparation is at- excra cts to 

3C ceils, while allowing lipids „ y retair . 

pass through. In addition, a retain 9 
an immobilized reagent, such as an 
article is suitable for ^ t 
component in a liguid test samp ' ^ MeanuhU e, 
3S selectively bound to the immobilized 
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the liquid sample as a whole continues to move through 
the retaining matrix. This can be considered a form of 
chromatography since the target component is separated 
from the test sample. in a third example, the retaining 
5 matrix contains a dry reagent, such as an indicator or 
enzyme. As a sample such as blood or urine wets and 
spreads throughout the porous retaining matrix, the 
retained reagent is dissolved and released into the 
liquid sample. A retaining matrix need not be porous. 
:0 Porous matrices are suitable for reagent 

immobilization for several reasons, including (i) large 
surface area to volume ratio, (ii) greater reagent (e.g., 
protein) binding capacity, and (iii) superior continuous 
passage of a liquid either laterally or in a direction 
.5 perpendicular to the plane of a membrane or other matrix. 
Retaining matrices are used for diagnostic and research 
purposes. Examples include the matrices in pH test 
strips, ELISA assays, glucose test strips, and HCG 
pregnancy dip sticks, 
c A particulate substrata refers to particles having 

a largest average dimension between 1 micron and 3 cm. 
Particulates may be porous or non-porous, and may be 
spherical, oblong, cylindrical, granular, or of other 
shapes, irregular, or regular. Examples of particulate 
s substrates include powders, disks, rods, tablets, and 
beads. Hydrophilic articles having particulate 
substrates include retaining matrices (see above for 
general discusion) , controlled drug release particles , 
wettable powders, and bioreactor microcarriers. 
o A biomedical substrate refers, in part, to the 

fields of medicine, and the study of living cells and 
systems. These fields include diagnostic, therapeutic, 
and experimental human medicine, veterinary medicine, and 
agriculture. Examples of medical fields include 
5 ophthalmology, orthopedics and prosthetics, immunology, 
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-e-natsiogv, charmacoiocy, and su-ge./, 
- e - :na S " " . f;o1 ^ s delude cell biology, 

examples of - aC TM ;era ,. bl om.di=al» also 

aerobiology, and =«« o£ c(ie „ icals , 

rel ates -.. chemicals an, » . blo lo,i=.l 

careless of — ^ ' a an in viC ,o assay or 

^ SPOnS :;; T, illogical or pharmacological 

other mode., e.g., an organism. 

, can be found within a cei- «^ 

assay, or (in) can be separation 
-he ten* "biomedical" also refers .0 the sep 

■ \ *uch as those involving processes of 
sciences, such as th ^ fUtration . 

chromatography, osmosis, reve ^ resea rch 

Examples of biomedical articles incx 
Examples ; -arsons Biomedical 

tools, industrial, ana ~ ^table 

articles include "P«";=; r = ^ C s - e5 0Dht P halmic abides 

and forceps, retractors, or o 

contact the eye or surrounding tissue. A P™'«™ 
Toxical art.de is a soft contact lens made of a 
. ctn-contain.no hydros polY-r that is ^ 

- ^eable to o*ygen. Separation articl « , in ude 
■..,„-, osmosis and reverse osmosis membranes and 

, membranes. « -ell as bicsurfac.s such as 
"'r'-=i»l sKins or other membranes. Implantable 

— ■ E tr^f ^^ture articles are ^ 

olastic oetri dishes, and other implements used 
3C beakers, plastic pet. 1 „„-»..«■ A preferrec 

in -issue culture or cell culture processes. A P 
I : , cell culture article is a bioreactor 
, crocarr'er. a silicone polymer matrix used in 

rolled cell ~.-^«^ U* 
35 porosity, and density of the particula 
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ae controlled to optimize performance. Ideally, the 
micrccarrier is resistant to chemical or biological 
degradation, to high impact stress, to mechanical stress 
(stirring) , and to repeated steam or chemical 
i sterilization. in addition to silicone polymers, ether 
materials may also be suitable. 

This invention may also be applied in the food 
industry, the paper printing industry, hospital supplies, 
diapers and other liners, and other areas where 
hydrophilic, wettable, or wickmg articles are desired. 

An article of the invention has an ionic polymeric 
layer on the substrate. The polymeric layer may be a 
homopolymer or copolymer of thermoset, thermoplastic, 
ionizable, and hydrophilic polymers. Examples include 
(A) polyethylene, polypropylene, polystyrene, polyester., 
polycarbonates, silicone polymers, polyurethane, 
polyamides, polyimides, polyalkylacrylates, 
polyalkylmethacrylates, and fluorocarbon polymers; (B) 
poly-2-hydroxylethyimetha-crylates, polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 
amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
polylactic acid, polyglycolic acid, polyglycoiide-co- 
iactides, polydioxanones, poly (glycolide-co-trimethy lene 
carbonates), polyethylene carbonates, 

polyiminocarbonates, poly-/3-hydroxybutyrates , polyester- 
amides, polyorthoesters, polyanhydrides , and 
cyanoacrylates; and (D) copolymers of members of (A), (B) 
and (C) . The polymers of group (D) include copolymer 
combinations of members from groups such as (A) and (B) ; 
(B) and (C); (A) and (C) ; (A) and (A); and (A) and (B) 
and (C) . The polymeric layer is preferably selected from 
polyester, polypropylene, polystyrene, 

polymethylmethacrylate, polyethylene, polyglycolic acid, 
and polylactic acid. A polymeric layer can be made of 
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one cr nore polymers.' Preferably, the polymeric layer 
comprises or consists essentially of one or more 
poV/mers, the balance consisting of up to 10% by weight 
of additives known in the art, such as one or more 
coiymer crosslinking agents, or impurities. 

An ionic polymeric layer can be obtained by 
several methods known in the art. Ionic groups may 
result from a treatment of the polymeric layer, such as 
plasma discharge or acid/base chemical modification, or 
ionic or ionizable groups may have been incorporated into 
the bulk material of the polymeric layer itself. The 
sign of the individual ionic groups and the overall 
-harge of the ionic polymeric layer may each be positive 
or negative. For example, a polymer such as polyethylene 
s may oxidized by glow discharge plasma, electron beam 
treatment, corona discharge, and X-ray treatment, to 
create an ionic surface on the polymeric layer. See 
e.g., Horbett et al., U.S. Pat. Nc . 4,919,659. One 
advantage of plasma treatments is the production of more 
- -han one kind of ionic group on the polymeric surface. 

As an example, an anionic polymeric layer can be 
created by plasma treatments of oxidizing gases such as 
oxygen, carbon dioxide, carbon monoxide, and sulfur 
dioxide. These oxidizing gases may be used separately, 
, 5 in combination with each other, or in combination with an 
inert gas. Cationic polymeric layers may be created by 
low nressure gas plasma treatments with ammonia, 
allylamine, or mixtures of nitrogen and hydrogen. These 
gases may also be used separately, in combination with 
30 each other, or in combination with an inert gas. See 

also , e.g.,Peyman et al., U.S. Pat. No. 4,312,575. In 
addition, a monomer such as an acrylate, methacrylate, or 
vinyl sulfonate may be incorporated into the polymeric 
layer formulation. See, e.g., Ellis et al., U.S. Pat. 
, 5 No. 4,168,112. Treatment with aqueous acid or base can 
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also produce an ionic polymeric layer. The surface 
cnarge density should be preferably greater than :o%, 
e.g., 20%, 30% or 50%, although lower surface charge 
densities nay be appropriate for some applications. 

Poiyeiectroiytes can be linear, branched, or 
crossiinked polymers or copolymers. Examples include 
polyethyle.neimine, polyionenes, polyammoaiky 1 
methacrylate, polyvinylpyridine , polylysine, polyacryiic 
acid, pclymethacrylic acid, polysuifonic acid, polyvinyl 
sulfate, polyacrylamido-2-methyl-i-propanesulfonic acid, 
and polystyrene sulfonic acid. Preferred 
poiyeiectroiytes include polyethyleneimine and 
poiyacrylamido-2-methyl-l-propanesulfonic acid. Ionic or 
ionizable groups may be present in every repeat unit, or 
only in some repeat units. The molecular weight of 
poiyeiectroiytes should be between 5,000 Daltsns and one 
million Daltons, with higher molecular weights, for 
example, between 75,000 and 200,000 Daltons being 
preferred, to enhance the stability of the coating 
through increased chain entanglement or numbers of 
anchors. As an example, a substrate with an anionic 
polymeric layer can be dip-coated with a polycaticnic 
solution, then dried in air or with a heat source. The 
polyeiectrolyte solution contains, in this case, one or 
more positively charged poiyeiectroiytes, and preferably 
has a pH between 5 and 10. Preferably, the solution is 
at room temperature, but it can also be at lower or 
higher temperatures, as easily determined by those 
skilled in the art. The soaking period is between a few 
seconds and a few hours, and is preferably 20-30 minutes. 
Other methods of application include spray, wash, vapor 
deposition, brush, roller, and other methods known in the 
art. in addition, a cationic polymeric layer may be 
obtained and similarly coated with solution containing a 
polyanion. 
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TH's method is suitable for coating a variety of 
pl .vsical fens, including films, sheets, rods rub... 
Q 'lded oa-s regular or irregular shapes), fibers, 

r and particulates. Ionic pelvic layers which 

;::;;oot: =;,ough, ^ « ^ = r « y 

" C ° at \ d f ;.. drying, the substrate may be dip-coated with, 
one or nor'e additional ? olyelectrolyte or other 
, r**n. An additional solution may contain 
solutions. An addi dilfe rent charge sign, 

oolvelectrolytes of the same or an 

polyelectrolyte dip-coat «eps may b . 
desirable for some applications to produce a 
col "n, of some e-pU.it,. For example, a «-Pl« 
disordered polyelectrolyte coating 

, of varving or alternating charges, 

::; c y-:ro a irnU: y su r ,ace ^ 

n-ltLati. surface ^ the 
decrees of intermixing. The charge an 
degrees eQnt _ oll . d bv altering polyelectrolyte 

coating may be cont-olled . dip - CO at 
o concentration, soaking time, pH, and num 

and 25 00 Angstroms, preferably 20-500 »»*■««-• ^ 
coaling may contain other polyelectrclytes of the sane 

enhance biocompatible or that a. bi 

other polyelectrolytes and ^ore or 

oolyelectrolyte solution, or may be app 

K after a dip-coat in another ^ ^ lmtiMiM . one 
oolyelectrolyte coating comprises P«lf« alWitiv „ 
or more additional polyelectrolyt.s or > dd ^ 
can be present in eo.ua! or unegual P*^^,, 0 . 001% 
Polyelectrolyte solutions should be bet-e 

3 5 and 10% <w/v,. and preferably between 1% and 5%. 
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Higher ccncentraticns may be suitable, bur may also 
result in non-uniform coatings and longer drying times. 
Aqueous solutions of poiyeiectrolytes can have a pH 
between 4 to 10. Suitable solvents include alcohols, 
e.g., straight chain or branched or aromatic alcohols, 
and polyols such as glycol and ethylene glycol , or 
aqueous solutions thereof. Organic solvents such as 
chloroform and dimethy If crmamide may also be desirable 
for polymers such as polyethylene. One skilled in the 
art will easily be able to determine what solvent 
conditions are appropriate for a particular polymeric 
layer. in one aspect of the invention, where the 

polymeric layer is a hydrogel polymer or copolymer, the 
solvent system can be chosen to cause the polymeric layer 
15 to absorb some of the solvent and swell. Swelling the 
polymeric layer allows one or more polyelectrolytes to 
penetrate or infiltrate the polymeric layer. As 
discussed above, such infiltration is believed to enhance 
che durability or permanence of the hydrophilic coating. 
° The durability of the hydrophilic coating can be 

determined by several methods including measuring water 
contact angles (see Examples section) . Advancing and 
receding water contact angles of the disordered 
pciyelectroiyte coating of the invention are measured by 
5 methods well known in the art, such as a computer-video 
processed goniometer. A sessile drop of deionized water 
is dispensed and its image is displayed on a computer 
monitor. The advancing or receding water contact angle 
of the water drop is then determined by computer 
c software. An initial advancing water contact angle is 
the advancing water contact angle which is measured soon 
after the last intended polyelectrolyte or other solution 
is applied and. dried. An advancing water contact angle 
of a substrate is measured before a polyelectrolyte 
5 coating is applied, and before the ionizing treatment, 
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WO 



^nv An advancing water 
pl „« di.en.ra.. - » , u measured 

contact angle of an ionic " a *" 
,,.„ -.he ionizing treatment, if any. but oefore 

^ SUbS I t ; w^Kin, or hydrophilicity determinations.^ 
absorption is generally less than 5 seconds preferably 
tess than 2 seconds, and .ore preferably less than 1 
or a faction thereof, such as one-sixth of a 
second or a f.ac.o „, more than 1 month, 

second. Storage periods are generally m 
such as 3 months. 6 months, 9 months or l year, or 

onger. Some of the coatings are 
toxic, and noncytotoxic according to USP XXI. 

°" h0dS Hi tnout further elaboration, it is believed that 
s „e silled in the art can, based on the descr ption 

nres ent invention to its fullest 
herein, utilize the present 

^ A .;fi r embodinients are,, 
extent. The following illus trative. and 

therefore, to be construed as mere.y 
not limitative of the remainder of .he 
.,ay All oublications herein are incorporated by 



reference. 



tty&MPLE 1 

carbon-filled porous polyethylene -as «••»« ^ 
... >r. 30 mTorr pressure, 50 watts 
an o 2 plasma for 3 minutes at 30 mT P t 
power at 13.54 MHz. The treated sample wa ^ 
pl aced into, a 3, agueous solution _ placed 

,«,, .Polymin ^. « ° - - ^ ^ trapped >lr £rom 
under vacuum for 5 minutes t ^ ^ 

th e porous substrate. The sample ip 
PEI solution for 20 minutes and removed for dry 
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air. The wettability cf the coated sample was then 
determined using contact angle measurements. The coated 
surface exhibited complete wettability while the 
untreated sample shewed a high water contact angle of 
s 112°. Water drops were absorbed immediately into the 
coated polyethylene. 

SXAMP^E 2 

The stability of the hydrophilic coating of the 
invention has been examined in aqueous and dry storage at 

o both room temperature and 50°C. After various storage 
times, the samples were removed from the storage 
environments, rinsed with water and vacuum dried prior to 
wettability analysis. Table I shows the time it took for 
water drops to be completed absorbed by the coated 

5 material. The time measurement mechanism was accurate to 
one-sixth of a second, thus a O-second entry represents 
less than one-sixth of a second. In a 6 month stability 
study, the results indicated that a stable hydrophilic 
coating was obtained on carbon-filled porous 

o polyethylene. 
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EXAMPLE 3 

Durability of the coating on the carbon filled 
polyethylene has also been examined using repeated 
ultrasonic washing in water. Coated samples were first 
iamersed in water under vacuum for 5 minutes, then 
ultrasonically rinsed in water for three 10 min. cycles, 
and vacuum dried prior to wettability analysis. Table :i 
shows the durability of the coating in repeated 
ultrasonic washing in water. The results indicated that 
the coating developed in this invention was durable over 
100 repeated washing cycles. 
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EXAMPLE i 

Porous polyethylene sheets were treated with 0, 
plasma for 20 minutes at :50 watts and 60 aTorr. The' 
treated polyethylene was subsequently placed into a 3% 

5 aqueous solution of polyethyleneinine (PEI) (Polyain SNA, 
BASF Corp.) under vacuum for 5 minutes. The sample was 
then soaked in the PEI solution for 2 0 minutes and 
removed for drying in air. The wettability of the coated 
sample was then analyzed using contact angle 

o measurements. The coated surface exhibited complete 
wettability while the untreated sample showed a high 
water contact angle of 109°. Complete and rapid 
absorption of the water droplet into the coated material 
was observed. 

5 EXAMPLE 5 

Durability of the material obtained in Example 4 
was tested. Table III lists the contact angle results 
for the treated polyethylene sheets. The results 
demonstrated that a tenaciously hydrophilic coating was 

c obtained. 



Table III. Wettability of hydrophilic treated porous 

polyethylene 



Sample | Dry Storage After Coating at Room Temo. 




0 day 


7 days 


14 days 


30 days 


122 
days 


0 2 plasma 

treated/PEI 

coated 


0° 


0° 


0° 


0° 


0° 



EXAMPLE 6 

Hard contact lenses containing silicone polymers 
were, treated in a C0 2 plasma for 15 minutes on each side 
at 50 mTorr, 30 watts at' 13 . 56 MHz . A 1% PEI solution 
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fPoiymir. Waterfree, BASF Corp.; was prepared in water ana 
adjusted to pH 7.0 by adding HC1 . The samples were 
soaked in a ?EI solution for 10 minutes at roon 
temperature and subsequently rinsed with water to remove 
. excess PSI • 

t-XAMPLE 7 

The samples obtained in Example 6 were further 
rinsed with phosphate buffered saline prior to autoclave 
sterilization. The sterilization was performed at 121«C 
c for 30 min. The contact angles for treated lenses are 
listed in Table IV. The reduced contact angles revealed 
that the coated lenses became hydrcphilic. In addition, 
the hydrophilic coating remained stable even after 
autoclave sterilization.. The hydrophilic-treated cor.tact 
5 lenses had an advancing water contact angle of 51- ± 4 
and a receding water contact angle of 38° ± 5. 

FXAMPLE 8 

Dry hydrogei contact lenses containing silicone 
polymer are hydrophobic. To improve surface wettability. 
;o such lenses were first treated in C0 2 plasma for 10 
minutes on each side at 50 mTorr pressure, 100 watts 
power at 13.56 MHz. The lenses were then placed into a 
1% aqueous solution of PEI (Polymin, Waterfree, BASF 
Corp.) and allowed to soak for 20 minutes at room 

. _„ a viner the samples were rinsed in 

25 temperature. After soaking, tne ""h* 

water 5 times and dried in air. 

TTYAMPLE 9 

Water contact angle measurements were used to 
determine surf ace. wettability of the treated contact 
so lenses in Example 8. Stability of the hydrophilic 

coatings was evaluated under repeated washing, solvent 
extraction and autoclaving conditions. In each washing 
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cycle, the samples were rinsed ultrascmcally in fresh 
water for 10 minutes. Extraction of the treated samples 
was carried cut in methanol for 13 hours. Autoclaving 
conditions were 121-125'C for 30 minutes. Table 7 lists 
the water contact angles for the treated contact lenses. 
The results shown in Table 7 indicate that a significant 
reduction in water contact angles was observed on the 
treated lenses prepared according to the invention. 
Lenses treated with this invention, on the other hand, 
exhibited only a small decrease in wettability initially 
and resistant to long term repeated washing. In 
addition, the coated lenses remained hydrophilic after 
extraction in methanol and exposure to autoclave 
conditions. 



Table IV. Water contact angles for the coated 
hydrogel lenses 



r ■ 

t 

Sample 


C0 2 /PEI Plasma 
Treated 


0 : Plasma 
Treated 


Advancing j Receding ! Advancina \ Recerfinn 


Treated 


24°: l 


17 °± 1 | 29°r 1 


20°t 1 


j ' Treated/ 
washed 5 
cycles 


67° t 2 


21°± 1 * 


| 

! 96°± 1 


35°± 1 


Treated/ 
Washed 15 
cycles 


67°± 3 


24°± 1 


115°± 1 


39°r 1 


Treated/ 
Extracted 


50°± 1 


32°± 1 


1I5 9 ± 1 


40°± 1 


Treated/ 
Autoclaved 


30°± 4 | 


9°± 1 


112°r 1 


33°: l 



EXAMPLE 10 

Non-woven. polyester and polypropylene fabrics were 
treated in a C0 2 plasma for 20 minutes at 50 m Torr, 100 
watts power at 13.56 MHZ. The fabrics were then soaked 



WO 96/1*498 



PCT.1.S95/ 16539 



in a 



2% solution of ?Ej 



-omnprafre for 2 0 ninutes 
roan *empet3i-a.= - 



fpclyain, SNA, 3ASF Core-) at 
then dried overnight 



of -he samples obtained Example 10 
The wettability of -ne s^f 

• J3 .i- e - contact angle measurements, 
was examined using -at., conta * es 

shown in Table IV. After overnight drying 
were washed ultrasomcally in water 3 times for 1 
, ph T he results indicated that fabric 
rain utes each .The inventiQn were durably 

surfaces treated with unis 

hydrophilic. 



* *.r fl at-ed non-woven fabrics 
Table V. wettability of treated non 




cviMPT.E 12, 

mix with water. tir^y y r ^ pate d with an acrylic 

« ia pU. -t wo «Torr. 50 wat f ^ ^ 

— ' * PB S ° 1Utl0n T re solvent was then reeved >y 
„ the treated powdery ™ pouders be ca»e 

" •«P«»" OB - 1 T e ne ; a ° t " r uas abs0 r>ed. r^her than 

ae " aBie - i:i "r«px. of 

beading on the sa^ace ^ 

QSaSX - E3teaiiieI1 ". S KiUed in the art 
F ro» the ahove description, one 
can easily ascertain the essentia! character.st.es 



WO *>6/ 18498 



PCTa*S95/I6539 



present invention, arid without departing form the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. Thus, other embodiments are also 
within the claims. 



What is claimed is: 
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CLAIMS 

1. A hydrophilic article for use in aqueous 
environments, comprising 

a porous substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
ionicaliy bonded to said polymeric layer. 

2. The article of claim 1, wherein a drop of 
.0 water placed on said coating is absorbed in less than 1 

second after said article is subjected to dry storage at 
25°C for 3 months. 
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The iiydropr.-ic article of cla ia 2, wherein 
said polymeric layer comprises a polymer selected 
-rom tne group consisting of (A) polvethylene 
polypropylene, polystyrene, polyester, polycarbonates 
= silicone polymers, oolyurethane, polyamides, ooiyimides 
polyalkylacrylates, polyalkylmethacrylates , and 
fluorocarbon polymers; (B) poly-2- 
hydroxylethylmethacrylate, polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 
o amides, polymethacrylic amides, polyvinyl alcohols 
polyethylene oxide, and polyvinyl pyrrolidone; (C) ' 
polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones, poly (glycolide-co-trimethylene 
carbonates), polyethylene carbonates, 
» polyiminocarbonates, poly-0-hydroxybutyrates, oolyester- 
amides, polyorthoesters, polyanhydrides, and 
cyanoacrylates; and (D) copolymers of members of (A) (B ) 
and (C) ; and * ' 

said polyelectrolyte coating comprises a 
polyelectrolyte selected from the grouo consisting of 
polyethylenaimine, polyaminoalkyi methacrylate, 
polyvinylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polvvinyl 
sulfate, Polyacrylamido-2-methyl-i-propanesulfonic acid 
and polystyrene sulfonic acid. 

4. The article of claim 3, wherein said article 
is a retaining matrix. 

5- The article of claim l, wherein a drop of 
water placed on said coating is absorbed in less than 1 
second after said article is subjected to aqueous storage 
at 50°c for 3 months and dried. 
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wherein 



10 



*. The article of claim 5, ~— selec «d 

^ i.ver comprises a polymer seiec. 
said cclvmeric laye- . 

slUc3n e po y* ^ P ° p y iyaikylM «a=ry,a» S . an, 
polvalfcylacrylawes. P° y 

£lu or==arPcn polyps; <B> P< > Y" ; yl 
hy droxylethyl»etnacryla«. P=lY Y polyacrylic 
,«na=ryla«s, P»^»-»^W^ alcQhols , 

oolyethylene oxide, and P Y polyg lyeolide-co- 
•polyuctie acid. po^lycol [^J^ri**^™ 
la=--id.«. polydioxanonas, P 01 * 1 * 1 * 

car Pona<es, . poly-Wl" - « ^ yS Uy» t «. p^— 

, p clyi»ino=ar B =na« S . P»1Y « Y , and , 

aBi des, P=^or^.s"» Po Y^Y s ^ ^ o£ (X) _ ,„ 

cyanoacrylates; and (D) copo y» 

and (C) ; and , „ comprises a 

:c POlYe 1 e=--r=ly« se le c ed MtMcryl «.. 
polyethylenenaine, poiyam nolvacry iic acid, 

Uv^pyriai- ir ^^^ f polyvinyl 

polytnethacrylic acxa, P oi * SU ; f _ ropane sulf onic acid, 
sulfate, polyacryla*ido-2-tnet*yl l pr P 

25 and polystyrene sulfonic acid. 

• - wherein said article 
The article of claim o, wherei 



7 . 

is a microcarrier 



30 

wate 
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9- The article of claim I , wherein a drop of 
water placed on said coating is absorbed in less than 2 
seconds after 50 ultrasonic wash cycles with deionized 



water . 



10. The article of claim 8, wherein 
said polymeric layer comprises a polymer selected 
from the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates, 
silicone polymers, polyurethane , polyamides, polyioides, 
polyalkylacrylates, polyalkylmethacrylates, and 
fluorocarbon polymers; (B) poly-2- 
hydroxylethylmethacrylate , polyhydroxylalkyl 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 
amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
poly lactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones, poly (glycolide-co-trimethylene 
carbonates) , polyethylene carbonates, 

polyiminocarbonates, poly-0-hydroxybutyrates , polyester- 
amides, polyorthoesters, polyanhydrides , and 
cyanoacrylates; and (D) copolymers of members of (A), (B) 
and (C) ; and 

said polyelectrolyte coating comprises a 
polyelectrolyte selected from the group consisting of 
polyethyleneimine, polyaminoalkyl methacrylate, 
polyvmylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, polyacrylamido-2-methyl-i-propanesulfonic acid, 
and polystyrene sulfonic acid. 
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claim 1, wherein 



10 



^ hp article of cia^ 

„„ -«« ,rcup cons^t.na ^t ;:^^, 

iluorocarbon polymers; (B) poly-2- 

nydroxylethylmetnacryla-e. polyacrylic 
.etnacrylates. polynydroxylalKy ' alMhols , 

!,rm«rhacrvlic amides, polyvinyl 
amides, pQlyvinyl pyr rolidone; (O 

pclyecnylene o X ,de o and p y = ^ polyglycoli de-co- 

polylacric ac.d, poiygiY nolv(qlYC olide-co-tr Methylene 
lacrides, polydioxanones , poly(giyc°i 
««iv/othvlene carbonates, 

cyanoacrylates; and (D) copoiym 

^ivelec-olyte coating comprises a 
said P 01 *' 1-6 " 017 the oup consisting of 
- -,oivelectrolyte selected from the g-o ? 

polyv.nylpyridine. .^-^ ^ pelyvinyl 
poiy^acrylic acid po vsu" £onic aci d. 

sulfate, pclyacrylamido-2-metnyl 
- 5 and polystyrene sulfonic acid. 

» The a«i=U of el.1. «. 
Polymeric 'layer is selected To. p.X»««r. 

polypropylene. and poly — 

polyerhyleneimine., 
is a retaining matrix. 
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14. The article of claim 1, wherein said article 
is a microcarrier . 

15. A hydrophiiic article for use in aqueous 
environments , comprising 

5 a particulate substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
ionically bonded to said polymeric layer. 

10 16. The article of claim 15, wherein a drop of 

water placed on said coating is absorbed in less than l 
second after said article is subjected to aqueous storage 
at 37 tt c for 3 months. 

17. The article of claim 15, wherein the 

is advancing water contact angle of said coating is less 
than 75° after 30 ultrasonic wash cycles. 

18. The article of claim 16, wherein said 
substrate is porous. 

19. The article of claim 18, wherein said article 
20 is a microcarrier. 
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20 The article of claim 19. wherein 
said coiper. layer comprises a poller seated 
- a » the grouo consisting of (A) polyethylene, 
;*o lyoropv ene", polystyrene, polyester, polycarbonate^ 
? S ilicone' Powers, polyurethane . pclyamides, polypes. 
polyalXylacrylates, poiyaUcyimethacrylates. and 
'luorocarbon polymers; (B) poly-2- 

amides, polymery lie amides, P 01 ^ 1 ^^^ 
oolvethylene oxide, and polyvinyl pyrrolidone, (C) 

faJ ! ac^d polvalycolic acid, P olyglycolide-co- 
polylactiw ac.d, poi. , y iide _ co _ crine thylene 
lactides, polydioxanones, poly(glycon 



iau wj.^^- t r ^ 

carbonates), polyethylene carbonates, oolvester - 
oolyi»ino=ar=onates, poly r »H*drox,b»«*r.t-. P=lY««r 
amides, polyorthoesters , polyanhydrides, and 
cyanoacrvlates; and <D, copolymers of meters of (A, , >3 



and (C) ; and 

said polyelectrolyre coating comprises a 

j r « c*-ouc consisting or 

, polvelectrolyte selected from tn_ g-oup 

' poiyethyleneimine. polyaminoal)cy 1 methacrylate 
!olvv^nyl P vridine. polylysine, polyacrylic add, 
D ^etLIrylic acid. polysulfonic acid, poiyviny 
sulfate, polyacrylamido-2-methyl-l-propanesulfonic acid, 

:s and polystyrene sulfonic acid. 

21. The article of claim 20, wherein said 
ixrm.ri- lave- is selected from polystyrene, 
p^ylletnacry.te. polyopic ^ 
acid; and said polvelectrolyte coatina co B p.ises 

30 poiyethyleneimine. 

22. The article of claim 15, wherein said articl 

is a retaining matrix. 
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23. A hydrophilic biomedical article for use with 
aqueous environments, comprising 

a biomedical substrate; 

an ionic polymeric layer on said substrate; 

and 

a disordered polyelectrolyte coating 
ionically bonded to said polymeric layer; wherein the 
initial advancing water contact angle of said coating is 
less than 56°. 

24. An article of claim 23, wherein the advancing 
water contact angle of said coating is less than 60° 
after said article is autoclaved at 125 3 C for 15 minutes, 
and then allowed to cool to room temperature. 

25. An article of claim 23, wherein the advancing 
water contact angle of said coating is less than 60° 
after said article is autoclaved at 125 °C for 30 minutes, 
and then allowed to cool to room temperature. 
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. , of claim 25, wherein 

, 6 . The biomedical a e o. ^ 

• 'aver comprises a polymer selected 

said cc.per.- *ayer 

«- ; ~~ fA) nolvethviene, 
* arcuc consisting ot (aj 

— — ~ - ' nnivpster, oolycarbonates, 

^ nv i pne polvstvrene, P Qi / eSwer ' - 1 
pciyprop/^ene, pu . ^ lv „, des oolyimides, 

s-'cone adders, polyurethane , po.vam.des, p y 
o^^allcvlacryiares. polyalKy Lethacry lates f and 
fluorocarbon polymers; (B) poly- 2- 

niethacry lates. p y polyvinyl alcohols, 

amides, poly-chacrylxc - ^^e; (C) 
polyethylene 

polylactic add, polyglycol . triBethy len e 

Ia ctides, polydioxanones, poly (glycolide 
^ ^ v nnivethvlene carbonates, 

cyanoacrylates; and (D) copoiy™ 

'saTd o=lyeie=,roly« coatin, ==»prU« . 

■ESSE SST^-.,, 

sulfate, polyacrylamido-2-metnyi p 
:s and polystyrene sulfonic acid. 

, iM , a-^icle of claim 26, wherein 
27 The biomedical a.»icie 

said polymeric layer is a poller or copolymer ■ o. 
silicone or a poller or copolymer ^1 ^ ^ 
hy droxylethylmeth-acrylate. or copoiyme of 
so polv-2-hydroxyl-ethylmethacrylate; and said 
polyelectrolyte coating is polyethyleneimine. 

article of claim 27, wherein 
78 The biomedical article 

h ,*rate is an ophthalmic substrate, 
said biomedical substrate is an v 
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_ 29. The biomedical article of claim 23, wherein 
sai- coating has an advancing water contact angle less 
--nan 70° after five ultrasonic wash cycles with deionized 
water. 



30. The biomedical article of claim 23, Wherein 
said coating has an advancing water contact angle less 
-an 70° after fifteen ultrasonic wash cycles with 
deionized water 



31. The biomedical article of claim 30, wherein 
3 said polymeric layer comprises^ polymer selected 

from the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates, 
silicone polymers, polyurethane, polyaaides, polyiaides 
polyalkylacrylates, polyalkylmethacrylates, and 
fluorocarbon polymers; (B) poly-2- 
hydroxylethylmethacrylate, polyhydroxylalJcyl 
methacrylates, polyhydroxylalJcyl acrylates, polyacrylic ■ 
amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
pciylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones, poly (glycoiide-co-trimethylene 
carbonates) , polyethylene carbonates, 

polviminocarbonates, poly-0-hydroxybutyrates , polyester- 
amides, polyorthoesters, polyanhydrides, and 
cyanoacrylates; and (D) copolymers of members of (A), (3) 
and (C); and 

said polyelectrolyte coating comprises a 
poiyelectrolyte selected from the group consisting of 
poiyethyleneimine, polyaminoalkyl methacry late , 
polyvinylpyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, Polyacrylamido-2-methyl-l- P ropanesulfonic acid, 
and polystyrene sulfonic acid. 
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lain 31, wherein 



» ■ _ ■* ar .«.;rie of claim 3 
-»2 ^he biomedical ar^cie 

M . a p=l'y»erJc layer is a poly-r or copolymer of 
sil i==ne or a poller or copol»-r and 
^droxyUtnyl^-acryla.e. or copo y»e. .Jt . 
D oi y -2-hvdr=xyl-«hyl»e«a=ryla«; and sa.d 
pol ela=--roly,e coarin, 1. polyethylene. 



article of claim 31, wherein 
n The biomedical article 

3 ,_. ate is an ophthalmic substrate, 

said biomedical substrate ^ 

,. ral article of claim 23, wherein 
34 The biomedical article 

0 , h e advance water contact an,!* .* — » 

greater than 95°. 

J artic'e of claim 23, wherein 

35. The biomedical a ~i=~e . is 

th. advancing water contact angle of said 
greater than 110°. 
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36. The biomedical article of claim 34, wherein 
said polymeric layer comprises a polymer selected 
rrom the group consisting of (A) polyethylene, 
polypropylene, polystyrene, polyester, polycarbonates, 

3 silicone polymers, polyurethane , polyamides, polyimides, 
poiyaikylacrylates, polyalkylmethacrylates , and 
fluorocarbon polymers; (B) poly-2- 
hydroxylethylmethacrylate, polyhydroxylaiky 1 
methacrylates, polyhydroxylalkyl acrylates, polyacrylic 

o amides, polymethacrylic amides, polyvinyl alcohols, 
polyethylene oxide, and polyvinyl pyrrolidone; (C) 
polylactic acid, polyglycolic acid, polyglycolide-co- 
lactides, polydioxanones , poly (glycolide-co-trimethylene 
carbonates), polyethylene carbonates, 

s polyiminocarbonates, poly-/9-hydroxybutyrates , polyester- 
amides, polyorthoesters, polyanhydrides , and 
cyanoacryiates; and (D) copolymers of members of (A), (B) 
and (C); and 

said polyelectrolyte coating comprises a 
o polyelectrolyte selected from the group consisting of 
polyethyleneimine, polyaminoalkyl methacrylate, 
polyvinyipyridine, polylysine, polyacrylic acid, 
polymethacrylic acid, polysulfonic acid, polyvinyl 
sulfate, polyacrylamido-2-nethyi-l-propanesulfonic acid, 
and polystyrene sulfonic acid. 

37. The biomedical article of claim 36, wherein 
said biomedical substrate is an ophthalmic substrate. 
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